Abstract. The place of pemphigus vulgaris (PV) among autoimmune bullous dermatoses is well known. In pemphigus, IgG autoantibodies are directed against desmogleins 1 and 3, which are part of the cadherin family of cell-cell adhesion molecules. These structures are responsible for maintaining the intercellular adherence in stratified squamous epithelia, such as the skin and oral mucosa. The incidence of autoimmune bullous dermatoses is steadily increasing, being associated with a high degree of morbidity. The pathophysiology of these dermatoses is very well understood, complemented by recent genetic studies. The gold standard for the diagnosis of pemphigus vulgaris is the detection of autoantibodies or complement component 3 by direct immunofluorescence microscopy of a perilesional biopsy. Early diagnosis and initiation of treatment are necessary in order to achieve a favorable prognosis. Although the first line of treatment is corticotherapy, there are no clear guidelines on dosing regimens, and long-term adverse effects are important. Corticosteroid-sparing adjuvant therapies have been employed in the treatment of PV, aiming to reduce the necessary cumulative dose of corticosteroids. In addition, therapies with anti-CD20 antibodies are used, but antigen-specific immune suppression-based treatments represent the future.
Introduction
Pemphigus vulgaris (PV) is a chronic, mucocutaneous, autoimmune bullous disease (1) . The place of PV among autoimmune bullous dermatoses is well established. In pemphigus, IgG autoantibodies are directed against desmogleins 1 and 3, which are part of the cadherin family of cell-cell adhesion molecules. These structures are responsible for maintaining the intercellular adherence in stratified squamous epithelia, such as the skin and oral mucosa (2) .
The word 'pemphigus' has its roots in the Greek 'pemphix', which means blister; Hippocrates first used it in 460-370 B.C. (3) .
The estimated incidence of PV is between one and five cases per million every year. Its prevalence is higher in individuals of Ashkenazi Jewish, Mediterranean, Indian, Malaysian, Chinese and Japanese descent.
It is the most common subtype of pemphigus in Europe, the United States, and Japan; it usually affects women and most of the patients are 50-60 years of age. Though rare, some childhood cases have been reported (4, 5) .
Usually, PV initially occurs with lesions on the oral mucosa, preceding skin lesions by several months. At this level, erosions with a small tendency to spontaneous, painful healing can be observed (6) . The lesions start as blisters that rupture easily, causing erosions and ulcers, which can lead to serious life-threatening infections and metabolic abnormalities.
Pathophysiology
PV is one of the best-described autoimmune diseases; its pathophysiology seems to result from the deleterious actions of circulating auto-Abs, which are directed against desmosomal components, primarily desmoglein (Dsg3 and Dsg1), and lead to the loss of keratinocyte cell-cell adhesion within the epidermis, a phenomenon known as acantholysis (7) . In addition, blister formation in PV was suggested to result from increased secretion of pro-inflammatory mediators or other mechanisms, such as activation of specific muscarinic receptors expressed by keratinocytes, abnormalities in intercellular signaling or activation of apoptosis (8) (9) (10) .
Recent studies support the role of genetic factors in pemphigus. PV is a polygenic disease, and an increased prevalence of low titers of disease-associated autoantibodies in healthy first-degree relatives of patients with pemphigus
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IOANA ADRIANA POPESCU 1   , LAURA STATESCU  1,2 , DAN VATA  1,2 , ELENA PORUMB-ANDRESE  1,2 ,   ADRIANA IONELA PATRASCU   1,2 , IOANA-ALINA GRAJDEANU 1 and LAURA GHEUCA SOLOVASTRU has been reported (10, 11) . The genetic contribution to the pathogenesis of PV is given by the association with other autoimmune diseases and from the ethnic clustering of PV. Pemphigus is linked to autoimmune thyroid disease, type I diabetes, rheumatoid arthritis, and systemic lupus erythematosus. In addition, the correlation between pemphigus and myasthenia gravis is well known (12) . Several HLA alleles have been identified as risk factors, but the correlation between a certain HLA genetic profile and the patient's clinical profile is still unclear (13) . A meta-analysis demonstrated a strong connection between PV and HLA-DRB1_0402 (which is predominant in Ashkenazi Jews), HLA-DRB1_1401, HLA-DRB1_1404 and HLA-DQB1_0503 (which are both prevalent in non-Jewish patients of European and Asian descent) (14) .
Environmental factors could be required to initiate and perpetuate the disease process. Thus, drugs, viral infections (herpes simplex virus), physical agents, contact allergens, vaccinations, dietary factors, and psychological stressors have been implicated in the disease (15) .
The mechanism by which blisters are formed is related to the lack of adhesion of desmosomes and to specific cell signaling pathways (16, 17) . Other studies have shown that pathogenic anti-Dsg monoclonal antibodies can bind directly to residues that mediate adhesion and that polyclonal antibodies contribute to acantholysis in a different way (17, 18) .
Diagnosis
The diagnosis of PV is based on a combination of clinical presentation and detection of tissue-bound and/or circulating autoantibodies. The gold standard diagnostic of PV is direct immunofluorescence (DIF) microscopy, which can detect tissue-bound autoantibodies. In pemphigus, DIF microscopy reveals intercellular binding of IgG and/or C3 within the epidermis and/or epithelium (19) .
Indirect immunofluorescence (IIF) is frequently used to semi-quantitatively measure circulating antibody levels, using monkey, rabbit or guinea pig esophagus as a substrate (19) . The most frequently used substrates are monkey esophagus and human split skin.
Enzyme-linked immunosorbent assays (ELISA) are a more sensitive method for measuring antibodies to desmoglein 1 and desmoglein 3. ELISA reactivity correlates with disease activity; therefore, this test is useful both for diagnosis and for monitoring disease activity in patients with pemphigus (20) . Immunoblot and immunoprecipitation techniques may be used to identify specific autoantibody profiles. These assays use recombinant proteins or extracts of dermis, epidermis or cultured keratinocytes (18, 21) .
In addition, confocal laser scanning microscopy is a non-invasive tool for the diagnosis of pemphigus and differentiation of its subtype; it points to the need for further investigation of the patient. It has the advantage of monitoring disease progression and the treatment efficacy (22, 23) .
Treatment
Without treatment, PV has a mortality rate ranging from 60 to 90% (24) . Moreover, multiple life-threatening complications may occur, such as sepsis, fluid and electrolyte imbalances, impaired thermoregulation, as well as cardiac and renal failure. Systemic corticosteroids and adjuvant therapies have reduced the mortality rate of PV patients to approximately 10% (24) .
The role of treatment in patients with PV is to suppress the immune system and to prevent the production of pathogens. The immunological response is due to the significant decrease of pathogens in the skin and serum of patients, which clinically corresponds to the cessation of new vesicle formation and the maintenance of remission (25) . Given the rarity of this disease, there are few evidence-based controlled studies in literature regarding the safety and efficacy of the therapeutic interventions for PV.
The British guidelines recommend the consideration of two stages in the management of PV: induction of remission and maintenance of remission. Thus, in the first stage, the treatment is represented by corticosteroids, less than adjuvant therapy, until 80% of the lesions heal and for 2 weeks no new lesions will appear, both cutaneous and mucosal. The remission maintenance phase is about gradual dose reduction in order to achieve effective pathology control. The goal of treatment is to keep the remission as long as possible. Following an international consensus, the 10 mg daily dose of prednisolone was established (26) ( Table I) .
The European and Japanese guidelines include corticosteroids and immunosuppressive reagents, such as azathioprine and cyclophosphamide, plasmapheresis, intravenous immunoglobulin (IVIG), and rituximab (27, 28) .
The first-line treatment is represented by corticosteroids, owing to their rapid effect (within days). In refractory cases, Japanese guidelines recommend short-term high-dose of intravenous methylprednisolone, an approach that is supported by retrospective studies (27) .
When corticosteroids are administered over long periods of time, side effects such as diabetes, hypertension or osteoporosis may occur. It is preferable to combine systemic corticosteroids with an immunosuppressive agent, in order to avoid side effects (28, 29) . The speed with which corticosteroid takes effect is attributed to increased transcription of desmogleins and other cell adhesion molecules, which counteracts the autoantibody-induced interference with desmoglein adhesive function (29) . These multiple adverse events may even contribute to poor prognostic outcomes and death, and for that purpose, many studies have attempted to identify the minimum dose required to induce and maintain remission (29) .
Azathioprine and mycophenolate mofetil represent the first-line adjunctive immunosuppressive therapies in pemphigus, considered safe and efficient (30) . Azathioprine is likely the most commonly used steroid-sparing agent worldwide. Azathioprine demonstrated a steroid-sparing effect when compared to prednisolone alone (31), while mycophenolate mofetil has shown faster and more-durable treatment responses than placebo when added to prednisone regimens (32) . The recommended dosage of Azathioprine in PV is 100-200 mg/day (1-3 mg/kg/day), administered orally. Its main side effects are leukopenia, thrombocytopenia, anemia, pancytopenia and hepatotoxicity. Mycophenolate mofetil presents lower hepatotoxicity and is more effective in controlling PV than azathioprine (33).
Cyclophosphamide is an alkylating agent, used like adjuvant therapy in PV. It can be administered orally (1-3 mg/kg/day) or intravenously, with or without pulse corticotherapy. Because it has adverse events such as infertility, lymphopenia, predisposition to neoplasia, it is recommended for use only in refractory cases of mycophenolate mofetil or azathioprine (33) .
Dapsone is a drug with anti-inflammatory and anti-TNF activity that can be tried as adjuvant medication in PV. It can be administered orally at 50-200 mg/day, as an adjuvant to corticotherapy in the maintenance phase of the disease. Its side effects are usually dose-dependent and reversible (26, 33) .
Methotrexate (MTX) is a chemotherapeutic and immunosuppressive agent; the first case series on MTX in PV was published in 1969. In 2012, a retrospective review of methotrexate use in PV showed the efficacy of methotrexate as adjunctive therapy in moderate-severe cases of pemphigus. In the study, 30 patients were included, who were evaluated by disease severity score and prednisone dosage. The dosage of methotrexate was 15 mg per week. Only four patients presented mild side effects; methotrexate treatment was proven safe and effective in the other patients (34) .
Cyclosporine is a calcineurin inhibitor with potent immunosuppressive activity against B and T lymphocytes. It is rarely used as an adjuvant in the treatment of PV at dosages of 3 to 5 mg/kg/day. Olszewska et al reported a retrospective series of 101 patients with PV, in which cyclosporine-treated patients showed no improvement in the overall condition (35) .
Recent studies demonstrated advantages of rituximab, a monoclonal anti-CD20 antibody that targets CD20 + B cells, in the treatment of pemphigus (25, 36) . A randomized trial of rituximab was recently performed in France, as a first-line treatment for moderate to severe cases of pemphigus. Two years after treatment, 41 (89%) out of the 46 patients assigned to rituximab plus short-term prednisone were in complete remission and off therapy versus 15 (34%) out of the 44 patients assigned to the prednisone-alone treatment. In the rituximabplus-prednisone group, less adverse effects were reported than in a prednisone-alone group. Thus, the administration of Rituximab in patients with pemphigus has been shown to be far more reliable than corticotherapy. The treatment with rituximab could be considered as the first-line in pemphigustreated patients (36) .
Intravenous immunoglobulins (IVIG) neutralize and slow down the production of circulating pemphigus antibodies. They are considered an adjuvant therapy for pemphigus. Patients treated with intravenous immunoglobulin are not at high risk of infection or reactivation of chronic infections, as compared to those under conventional immunosuppressants. IVIG are effective at a dosage of 0.4 g/kg/day for 5 days, used as an adjunct to corticosteroid therapy once per month (33) . In a randomized, double-blind, placebo-controlled trial, the efficacy of intravenous immunoglobulin to pemphigus patients was evaluated. It was proven that the therapeutic response of patients receiving immunoglobulin was much better than those in the placebo group (37) . In addition, this therapy is considerated the safest adjuvant treatment for pemphigus in pregnant women (38) .
Plasmapheresis involves plasma exchange with albumin or fresh frozen plasma to remove serum IgG antibodies. This procedure has been used to treat a variety of antibodymediated autoimmune disorders. This therapeutic alternative is generally used in patients who experience side effects in cortisone therapy, pregnant women or those who do not respond to conventional therapies (26, 39) . Guillaume et al studied the role of plasmapheresis in a multicenter randomized trial of 40 pemphigus patients. The outcome highlighted that plasmapheresis in association with low steroid doses versus the steroid-treated group did not show any additional benefit in the treatment of pemphigus. Moreover, 4 out of 22 patients in the intervention group died of thromboembolism or infection (39) .
Immunoadsorption is more efficient and safer than plasmapheresis and can be used for the treatment of severe, recalcitrant PV. This procedure leads to the rapid removal of circulating autoantibodies against desmoglein 1 and desmoglein 3, only IgGs and immune complexes are attracted to the absorber and removed from the circulation. Some studies have highlighted that immunoadsorption is more effective when used in combination with immunosuppressive agents, including corticosteroids, azathioprine, and rituximab (40, 41) .
The perfect therapy for pemphigus should eliminate pathogenic autoimmune cells while sparing protective immunity, but feasible strategies for such an approach have been elusive. Recent studies demonstrated that Veltuzumab, a humanized anti-CD20 monoclonal antibody, provided the best results when used for patients with refractory pemphigus (42) . Other researchers revealed the therapy through the use of chimeric antigen receptor T cells. Therefore, it would directly eliminate anti-Dsg3 memory B cells and indirectly eliminate Dsg3-specific short-lived plasma cells that produce diseasecausing anti bodies (43) .
These new approaches represent an ideal therapeutic strategy because the target antigens and pathophysiological mechanisms of pemphigus are well known.
Thus, the first-line treatment of moderate and severe cases of PV, based on literature and the personal experience of the authors is represented by systemic corticosteroid therapy (prednisone or prednisolone). In refractory cases or with contraindications to corticosteroid therapy, treatment with immunosuppressive agents may be prescribed (azathioprine, mycophenolate mofetil, methotrexate, cyclophosphamide) to minimize side effects. The treatment for the severe and nonresponsive cases may be represented by corticosteroids in the form of intravenous pulse therapy, plasmapheresis and IVIG (33,43).
Conclusions
Although they are considered rare diseases, the incidence of autoimmune bullous dermatoses is steadily increasing, being associated with a high degree of morbidity and occasional mortality. The cutaneous damage, such as blister formation, pain, itch, and associated functional limitations have a psychoemotional impact on patients and can severely affect the patient's quality of life. Pemphigus is a life-threatening disorder for which early recognition and treatment are necessary in order to achieve a favorable prognosis.
The gold standard for the diagnosis of PV is the detection of autoantibodies or complement component 3 by direct immunofluorescence microscopy of a perilesional biopsy. Early diagnosis and initiation of treatment are compulsory for a promising prognosis, and a multidisciplinary approach is recommended to optimize patient care. Systemic corticosteroids represent the first-line of treatment, though their optimal dosing regimen remains unknown. There are many therapeutic alternatives, but treatment needs to be tailored to each patient. The introduction of biologic therapy into the therapeutic algorithm has the potential to improve overall outcomes and reduce drug-side effects. However, future could be represented by antigen-specific immune suppression-based treatments as researchers continue to develop novel targeted therapies for the treatment of PV.
